There have been only a few controlled studies on the prevention of overweight and obesity in children and adolescents. These studies differ in relation to strategy, setting, duration, focus, variables of outcome and statistical power, and therefore do not allow general conclusions to be made about the value of preventive measures. All school-based interventions aimed at the prevention of overweight and obesity show some improvement of health knowledge and healthrelated behaviours. Short-term effects on nutritional state seem to be more pronounced in girls than in boys. School-based interventions can reduce the incidence of overweight. There is evidence that families of intermediate and high socio-economic status as well as intact families benefit more from treatment than families sharing other characteristics. Selected prevention in obese children is most successful when children are treated together with their parents. However, there are social barriers limiting the success of family-based interventions. Although some positive effects have been reported, simple interventions in a single area (e.g. a school health education programme) are unlikely to work on their own. The development of effective preventive interventions probably requires strategies that affect multiple settings simultaneously. At present there is no concerted action, rather many strategies in health promotion that are followed in isolation. Faced with the epidemic of overweight there is a need for national campaigns and action plans on childhood overweight and obesity. It is tempting to speculate that this strategy will also increase the value of isolated approaches (e.g. in schools and families).
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Childhood overweight: Prevention of overweight: Determinants of overweight
The prevalence of obesity and its comorbidities has been steadily increasing over the last 50 years. Obesity, once established, is difficult to treat. Thus, prevention of obesity is on the public health agenda as well as being a highpriority research goal (World Health Organization, 2000; Dietz & Gortmaker, 2001; Ebbeling et al. 2002; Kumanyika et al. 2002;  International Association for the Study of Obesity, 2004) . Since the long-term consequences of childhood overweight are well documented, there is a need for early intervention (Dietz, 1998) . However, there is only limited research on the prevention of overweight and obesity in children (for reviews, see Campbell et al. 2002;  International Association for the Study of Obesity, 2004; James & Gill, 2004; Müller et al. 2004 ) and few strategies have been proved to be successful. The present data suggest that school-based interventions as well as familybased interventions may be effective.
Preventive strategies
Faced with the obesity epidemic this problem needs to be addressed by a public health approach as well as by interventions aimed at individual subjects. In practice, different prevention strategies are used (World Health Organization, 2000) . First, intervention strategies are directed at the whole community, with the aim of stabilising or reducing the mean BMI within a population (i.e. universal prevention). Second, selective prevention is directed at high-risk individuals (e.g. children of obese parents). This strategy is concerned with improving the knowledge and skills of individuals to increase competence and personal autonomy and, thus, to prevent excessive weight gain. Third, targeted or secondary prevention or treatment is directed at overweight and obese children and adolescents to prevent further weight gain and/or to reduce body weight. School-based intervention is considered to be universal prevention, whereas family-based intervention may be considered to be selective (in the case of health promotion and education) or even targeted prevention (in the case of a structured treatment programme).
Determinants of weight gain
Preventive strategies aimed at childhood and adult obesity are based on the knowledge of risk factors and determinants of overweight. Risk factors of childhood obesity include parental overweight, a low socio-economic status (SES), high birth weight, early timing or rate of maturation, low physical activity or high inactivity, dietary intake (including early infant feeding practices) as well as psychological factors (Barker et al. 1996; Ebbeling et al. 2002;  International Association for the Study of Obesity, 2004; James & Gill, 2004; Müller et al. 2004 ; see Table 1 ). It is evident that in cross-sectional studies on prepubertal children most of the risk to become overweight is explained by SES and parental overweight. The data also show that there are differences between boys and girls, and also between overweight and obesity. The risk factors are related but their exact relationships at the individual level as well as at a population level are unknown. Although most risk factors for obesity seem to be self evident, their confounding or cumulative effects on the development of obesity, as well as their clustering and their effects over time on the causal pathway to the development of obesity, remain unclear in children (as in adults).
The environmental contribution to the obesity epidemic is evident (Hill & Peters, 1998; Willett, 2002) . Most experts agree that the causes of overweight are environmental, related to living in a world that allows easy access to food and encourages inactivity. In addition to environmental and behavioural determinants of body weight, the importance of fetal nutrition, breast-feeding and genes for body weight and obesity has been demonstrated in animals and man (Sherry & Dietz, 2004) . At present there is no evidence to suggest the benefit of targeted interventions in specific (e.g. genetically-predisposed) subjects. However, there is good evidence for close associations between the nutritional status of parents and that of their children (Vogler et al. 1995; Whitaker et al. 1997; Birch & Krahnstoever-Davison, 2001; Danielzik et al. 2002; Müller et al. 2002) . Overweight parents frequently have overweight children. In addition to possible genetic links, parents select environments that may promote overweight among their children. This environment includes the parent's own eating behaviours and child feeding practices. Family environment during early and mid childhood have a major impact on food preferences, pattern of food intake, eating style, activity preferences and sedentary or active lifestyles. Detailed knowledge of the interaction between children and adolescents of obese parents and the environment may improve future intervention programmes.
It has been shown recently that a low SES together with parental overweight is a considerable risk factor for childhood overweight (Langnäse et al. , 2003 . There is also evidence from studies in prepubertal children that high normal weight and/or normal-weight-overfat children have a high risk of weight gain . Taken together lifestyle variables are considered as minor determinants of body weight that are additive over longer time periods. There is a major influence of socio-economic and environmental factors. It is likely that genetic predisposition adds to the variance in nutritional status. Determinants of children's nutritional status are shown in Fig. 1 .
Based on the present knowledge of risk factors and determinants of childhood overweight, the preferred intervention strategies that may be considered are tackling health inequalities, a better school education, counselling pregnant women and/or supporting families. School-based interventions (as a measure of universal prevention) cannot, therefore, be considered as suitable intervention strategies to tackle the overweight and obesity epidemic. However, faced with poor nutrition and sedentary lifestyle habits there is no doubt that health promotion within a school setting is necessary. In relation to selected prevention, interventions directed at children with a high normal weight (i.e. >50th percentile and <90th percentile) and at overweight children with obese parents and a low SES seem to be promising. However, considering the number of children affected, this group is not really a selected group.
Outcome measures of school-and family-based interventions
Outcome measures of obesity prevention are objective measures of the nutritional state (e.g. BMI), comorbidities (e.g. plasma lipid levels), health knowledge, behaviour (e.g. diet, physical activity, sedentary behaviour) and/or competence. Suitable outcome measures differ between different strategies of prevention. Outcome measures of universal prevention are: a reduction in the incidence of overweight and of obesity in the general population; an overall reduction in the average BMI of the population; improvements in nutritional intake, eating habits, exercise and other health-related activities; improved knowledge, attitudes and norms relating to nutrition, weight, eating habits and exercise; decreased rates of comorbidities; public policy and environmental change indices.
Outcome measures of selective prevention are: prevention of weight gain; reduced incidence of overweight or obesity in individuals at risk; decreased excessive dieting among dieters; improved lifestyle patterns (e.g. healthy diet, more activity, less inactivity).
Outcome measures of targetted prevention are: a reduction in the number of obese-related comorbidities; an increase in the number of obese subjects who are successful in attaining and maintaining a relatively small weight loss (e.g. about 10 % of the initial body weight) and a decrease in the number of subjects who gain weight (e.g. >2 kg).
School-and family-based interventions: results of controlled studies
Interventions to prevent weight gain include: school programmes; correspondence programmes; individual or group counselling, including behaviour change methods; a public health approach. At present there are numerous uncontrolled activities in the area of prevention of childhood overweight. There are also some controlled and randomised studies (Campbell et al. 2002; Summerbell et al. 2003) . These studies differ in relation to strategy, setting (school, family, primary care, public health), duration, focus, variables of outcome and statistical power. The studies also differ in relation to the duration of intervention as well as that of the observation period. It is suggested that the follow-up period should be ‡6 months, but one family-based study has reached a maximum follow-up period of 10 years (Epstein et al. 1990 ). The different authors have used various outcome variables including: BMI; fat mass; indices of risks and comorbidities; indicators of health habits. Most authors report mean values obtained in groups of children (intervention v. nonintervention group). At present there is a lack of detailed analysis within specific subgroups and also of data on the effect of intervention on the incidence of overweight and obesity.
School-based interventions
Studies on school-based interventions have been reviewed extensively (for reviews, see Campbell et al. 2002;  International Association for the Study of Obesity, 2004; James & Gill, 2004; Müller et al. 2004) . One of the mostfrequently-cited studies is Planet Health (Gortmaker et al. 1999; Wang et al. 2003) . Over a period of 2 years 1295 ethnically-diverse grade 6 and 7 students from public schools (i.e. middle schools) participated in an interdisciplinary intervention aimed at: (1) decreasing TV time as well as consumption of high-fat foods; (2) increasing vegetable intake and moderate-to-vigorous activities. Intervention units were developed with extensive teacher input and focus groups using a variety of methods, including debates, case studies and projects. When compared with controls the prevalence of obesity among girls was found to decrease, while remaining unchanged in boys (see Table 2 ). Positive and gender-independent changes were reported in the number of hours spent watching TV and in nutrition. The reductions in body weight were shown to be related to reductions in the time spent watching TV. Taking into account all data published in this area it is suggested that school-based interventions alone improve some aspects of healthy behaviours but are without effect on nutritional status in most studies. However, only a very few studies show some positive effects on BMI and/or fat mass. One study suggests gender-specific differences in the effect of intervention on nutritional status (Gortmaker et al. 1999; Wang et al. 2003) . The possible influence of SES on outcome has not been considered so far. Since (1) only two intervention studies have specifically addressed the confounding effect of gender and (2) the effect of SES has been ignored, the published effects of school-based interventions on nutritional status may have been camouflaged by the proportion of boys and SES groups within the study populations.
Family-based interventions
The development of family-based prevention programmes for childhood overweight has been considered as a primary public health goal (International Association for the Study of Obesity, 2004). At present most studies in this area have addressed obese children together with their parents. There are also some studies involving parents only. Long-term effective management of overweight and obese children by a family-based intervention has been reported by some authors (Epstein et al. 1990 (Epstein et al. , 1994 Flodmark et al. 1993) . The data show that family therapy is effective in preventing the progression of severe obesity in 10-11-year-old children (Flodmark et al. 1993) . The 1-year increase in BMI was found to be 5% in the group receiving family therapy v. 12% in the control group (P < 0 . 02). However, the groups differed in relation to the number of children with severe obesity (i.e. BMI > 30 kg/ m 2 ; one of twenty, five of nineteen, fourteen of forty-eight in the family therapy, conventional treatment and control groups respectively). Epstein et al. (1990 Epstein et al. ( , 1994 have reported most success when children are treated together with their parents, with the follow-up period lasting £10 years. The effectiveness of these interventions, as represented by weight changes, a reduced prevalence of obesity and also lifestyle changes, has been well documented. The 10-year decreases in the percentage of those who were overweight were reported to be -7 . 5 v. +14 . 3 in the control group. Most of the family-based intervention studies have resulted in long-term changes in healthrelated behaviours in obese children and adolescents, but have had no, or only moderate, long-term effects on nutritional status.
Bringing the two strategies together: school-based and family-based interventions
The Kiel Obesity Prevention Study (KOPS) was initiated in 1996 and is planned to run until the year 2009 (Müller et al. 2001 . So far, KOPS has recruited a population of 4997 5-7-year-old, 3580 10-11-year-old and 661 13-15-year-old children. All children were born between 1990 and 1995 in Kiel. So far, 1251 children have been measured twice (i.e. at 5-7 years of age and at Gortmaker et al. (1999) and Wang et al. (2003) . 10-11 years of age). One part of KOPS assesses the longterm effects of 'low level' interventions (1) at school for all children and (2) within 'overweight families' for overweight children. So far, 780 children have undergone a 6 h curriculum of school intervention within the first classes (i.e. at age 6-7 years); 257 of these children could be re-investigated at age 10-11 years (i.e. after a 4-year follow up). These data have been compared with those for 257 children from non-intervention schools matched for age, gender, BMI, triceps skinfold, parental weight and SES. In addition, ninety-two families with overweight children and parents have been offered a family-based intervention, which takes place within the family setting (i.e. three to five visits at home). A structured sports programme has also been offered to overweight children in this cohort. Sixty-five of these families could be reinvestigated 1 year later.
Outcome measures for KOPS are nutritional state, health habits and risk factors for disease. Family history of diseases, parental weight and height, SES, parental alcohol consumption and smoking habits are also considered as confounding factors. The 4-year-follow-up data show a high persistence of overweight (77 . 4% of children who were overweight at 5-7 years of age remain overweight at 10-11 years of age). The 4-year incidence of overweight is 31 . 5% (i.e. 7 . 9 %/year), with spontaneous remission of overweight reaching 5 . 3%/year. Comparing the median of BMI or triceps skinfolds in the population of children in intervention and non-intervention schools has demonstrated a small but beneficial effect. The prevalence of overweight is increased by a factor of 2 . 2 and 2 . 0 in the non-intervention and intervention groups respectively. Concomitantly, the 4-year incidence of overweight is reduced in the intervention group (36 . 5% v. 41 . 7 % respectively). Comparing boys and girls the effect is only seen in girls. SES also has an effect on intervention. The effect is most pronounced in children of high-SES families. When compared with school-based intervention, family-based intervention also shows some positive effects. Within a 1-year observation period family intervention is capable of normalising increases in the BMI of overweight children. However, a low SES serves as a barrier against intervention measures .
Comparing the Kiel Obesity Prevention Study with Planet Health
In order to put the data into perspective the outcomes of KOPS have been compared with those of Planet Health (Gortmaker et al. 1999; Wang et al. 2003) . Table 2 shows that there are some differences between the characteristics of the two studies. However, outcome data show similar effects for magnitude and gender specificity.
Putting the findings into a public health perspective
It is evident that there is a spontaneous increase in the prevalence of overweight that is explained by both a high persistence plus a high incidence of overweight. The first long-term follow-up data of the KOPS school intervention support the view that prevention decreases the incidence of overweight. Family-based interventions may enhance school intervention. There is evidence that there is a gender effect on outcome. In addition, a low SES serves as a barrier against prevention and treatment. Thus, the major determinants of overweight (see Fig. 1 ) are confounders of the effect of prevention (Fig. 2) . Faced with the environmental contributors to the obesity problem, societal rather than individual responsibilities are evident. This viewpoint suggests that examining and addressing the obesogenic environment (Egger & Swinburn, 1997; Egger et al. 2003 ) is necessary to complement school-and family-based interventions.
